Using high-density oligonucleotide arrays, we measured expression of 412,000 genes in surgical excisions of invasive human squamous cell carcinomas (SCCs) versus site-matched control skin. This analysis defined 41,900 genes with altered expression in SCCs that were statistically different from controls. As SCCs are composed of epithelial cells, which are both hyperplastic and invasive, we sought to define gene sets associated with these biologic processes by comparing gene expression to psoriasis vulgaris, which is a condition of benign keratinocyte hyperplasia without invasiveness or pre-malignant potential. Through this analysis, we found genes that were commonly upregulated in both conditions and unique genes with increased expression in SCCs. Differential gene regulation in these two conditions was confirmed by real-time reverse transcription-PCR and immunohistochemistry. We found that benign hyperplasia is associated with upregulation of genes including DEFB4 (defensin B4), SERPINB3 (serine proteinase inhibitor, member 3), STAT1 (signal transducer and activator of transcription 1), K16 (keratin 16), CEACAMs (carcinoembryonic antigen-related cell adhesion molecules), and WNT 5A (wingless-type MMTV integration site family, member 5A). WNT receptor frizzled homolog 6 (FZD6) and prostaglandin-metabolizing enzyme hydroxyprostaglandin dehydrogenase were increased in SCC alone. Growth factor pleiotrophin (PTN) was expressed at higher levels in non-tumorbearing skin adjacent to excised SCC. SCC was further characterized by upregulation of matrix metalloproteinases 1, 10, and 13, cathepsin L2, cystatin E/M as well as STAT3 and microseminoprotein, beta (MSMB), and downregulation of inducible nitric oxide synthase, granzyme B, CD8, and CD83. The current study defines a unique gene expression signature for cutaneous SCC in humans and suggests potential roles for WNT, FZD, and PTN in the pathogenesis of SCC.
INTRODUCTION
Primary cutaneous squamous cell carcinoma (SCC) is the second most common human cancer and may behave aggressively (Goldman, 1998) . As with other invasive cancers, cutaneous SCC, if left untreated, will invade locally, resulting in extensive tissue damage and may eventually metastasize to lymph nodes and distant organs (Veness et al., 1999; Nguyen, 2004) . The pathogenesis of SCC is multifactorial. Exposure to ultraviolet radiation, primarily UVB, is a major risk factor owing to DNA damage leading to mutations in tumor suppressor p53 Leffell and Brash, 1996) . In addition, other factors, including human papilloma virus, have also been implicated in SCC development, indicating the presence of other pathogenic mechanisms and potential regulatory points (Goldman, 1998) . Psoriasis (P) is a benign, inflammatory condition characterized by development of cutaneous plaques most commonly located on extensor surfaces (Lowes et al., 2004) . Psoriasis is characterized by epidermal hyperproliferation, and altered expression of B1,300 genes has been described (Zhou et al., 2003) . These include pro-inflammatory cytokines IL-2, IL-6, IL-8, IL-12, IL-23, and IFN-g (Lew et al., 2004) . Psoriasis was chosen for comparison with SCC based on the fact that like SCC, it is characterized by hyperproliferation, but unlike SCC, it is reversible and lacks the capacity for invasion.
Microarray technology allows for global expression profiling of large numbers of genes. Although it has been used to study human cancers (Lu et al., 2001; Leversha et al., 2003) , genes contributing to hyperplasia versus malignancy have remained undefined. By defining the gene expression profile for SCC and subtracting genes activated in psoriasis, we were able to define a provisional cancer-specific gene set distinguishing malignant from benign hyperproliferation in human epithelial tissue. Immunohistochemistry was also performed to compare the inflammatory infiltrate of SCC with that of psoriasis.
We found the following: (1) wingless-type MMTV integration site family, member 5A (WNT 5A) was upregulated in SCC and psoriasis, but WNT receptor frizzled homolog 6 (FZD6) was upregulated in SCC alone; (2) expression of pleiotrophin (PTN) was increased in SCC compared with psoriasis but expressed at even higher levels in non-tumorbearing (N) skin adjacent to excised SCC; (3) SCC was characterized by enhanced expression of proteinases including cathepsin L (CTSL2) and matrix metalloproteinases (MMPs 1, 10, and 13), but decreased expression of protease inhibitor, tissue inhibitor of metalloproteinase (TIMP)3; (4) proliferation-associated genes including cyclin-activating kinase component, cyclin-dependent kinase (CDK)7, and cell cycle kinase, cell division cycle 7 (CDC7), oncogene KRAS, angiogenic factor epiregulin (EREG), and E2F transcription factor 3 were upregulated in SCC, whereas transcription regulators NF-kB2 and NF-kB inhibitor, NF-kBIA, and angiogenic factor vascular endothelial growth factor C were downregulated; (5) cytokine IL-18 was upregulated in SCC, whereas expression of activated T-cell marker CD69 and mature dendritic cell marker CD83 was downregulated and pro-inflammatory inducible nitric oxide synthase (iNOS) was virtually undetected.
RESULTS
We began analysis of human SCC by defining expression of genes in tumor tissue versus adjacent (site-matched) normal skin from the same patients using Affymetrix U95 arrays. Statistically significant differences in expression of genes with elevated or reduced expression in SCC tissue were defined by a paired Welch test, with a subsequent correction for multiple gene comparisons by the Benjamini-Hochberg method. This analysis defined 1,048 genes with increased expression and 870 genes with decreased expression in SCC versus nontumor-bearing tissue, as displayed by hierarchical clustering and heat map values in Figure 1a . All genes displayed in this figure are listed in Table S1 , whereas the individual P-values for expression differences (all are Po0.05 after multiplicity correction) are given in Table S6 . We noted that many of the genes that were upregulated in SCC were identical to genes previously detected as increased in expression in lesional psoriasis tissue. Hence, it seemed that gene expression differences detected in SCC might be a mixture of ''background'' genes altered because of regenerative hyperplasia of keratinocytes and genes altered specifically because of neoplasia. To better characterize and refine gene sets that . Gene expression profiling of SCC and psoriasis. Gene array analysis of mRNA from eight squamous cell carcinoma (SCC), eight sitematched non-tumor-bearing (N), eight psoriasis (P), and five non-lesional (NL) skin biopsies: mRNA was hybridized to individual oligonucleotide arrays containing B12,000 human genes (HG-U95A/Av2 chips). Heat maps show unsupervised hierarchical clustering for gene expression differences that are statistically significant (Po0.05, after correction for multiplicity). Full tables of gene expression data are given in Tables S1-S5, whereas P-values for all expression differences are given in Table S6 . (a) ''SCC cluster'': heat map of the 1,048 genes upregulated in SCC versus N (red area) and 870 genes downregulated in SCC versus N (green area). (b) Histological comparison of benign versus malignant hyperproliferative diseases: representative immunohistochemical hematoxylin and eosin staining of P, SCC, NL, and N. (c) ''Common cluster'': heat map of 398 genes commonly upregulated in SCC versus N, and P versus NL. (d) ''SCC-specific cluster'': heat map of 582 genes upregulated in SCC versus N but not increased in P. (e) Direct comparison ofare specifically associated with human SCCs versus benign hyperplasia, we performed two types of comparative analyses to define similarities and differences in pathologic gene expression in SCC versus psoriasis, as described below.
Before presenting genes that are commonly upregulated in SCC and lesional psoriasis tissue, we want to note some overall similarities in epidermal alterations in the two conditions (Figure 1b ). Psoriasis is characterized by an ancanthotic epidermis, a marked increase in proliferating keratinocytes, elongated rete, a reduced granular layer, and maturation of squamous keratinocytes with retained nuclei (parakeratosis). SCCs of the type analyzed for this study displayed similar features of keratinocyte growth and differentiation, but nests of malignant keratinocytes were detached from the epidermis in SCCs and formed invading foci in the dermis. A mononuclear inflammatory infiltrate was evident in the dermis/stroma of both psoriasis and SCC. The gene comparison shown in Figure 1c shows heat maps of genes that are upregulated in psoriasis, in comparison to adjacent biopsies of non-lesional (NL) skin, and genes that are upregulated in SCC versus site-matched non-tumorbearing skin. A short list of genes commonly upregulated in both conditions, with associated fold changes and P-values, is given in Table 1 , whereas a complete list of shared genes is given in Table S2 . Many of the shared genes encode proteins involved in epidermal differentiation, for example, desmoglein (DSG3), keratins 6/16, S100 proteins, and small prolinerich proteins (SPRR1) (bottom of Table 1 ). Other genes that are commonly upregulated in both conditions include the following. SERPINB3 (serine proteinase inhibitor, member 3; SCC antigen), a gene known to be highly expressed in psoriasis (De Pita et al., 1999) , cutaneous SCC (Takeda et al., 2002) , and carcinomas from organs other than skin (Takeda et al., 2002; Ahmed et al., 2004) , was highly expressed in all SCC specimens as well as psoriasis. Carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAM5) was also upregulated in both SCC and psoriasis (Figure 2) .
Selected proliferation regulators showed increased expression in psoriasis and SCC. These included WNT 5A, transcription mediator signal transducer and activator of transcription (STAT)1, transforming growth factor-a, and cell cycle regulatory gene cyclin B1 (CCNB1). Genes encoded by the epidermal differentiation complex (EDC) including SPRR1A, 1B, and 2B, S100 A8, A9, and A14, and involucrin (IVL) were increased both in psoriasis and SCC. Finally, keratin 16 (KRT16) expression was also increased in both SCC and psoriasis. Data are summarized in Selected list of genes with commonly upregulated expression in squamous cell carcinoma (SCC) or psoriasis (P) corresponding to heat map in Figure 1c and the upper region of Figure 1a . Fold changes are ratios of gene expressions in SCC/site-matched normal (N) and psoriasis (P)/non-lesional (NL) skin biopsies. Gene symbols and relevant biological processes are described in Gene Ontology annotation.
upregulation of genes for DEFB4 (defensin B4), SERPINB3, STAT1, K16 (keratin 16), WNT 5A, and CEACAM5 in both SCC and psoriasis. We were able to assign a total of 73 genes in the common clusters to keratinocytes (Table S3 ) through comparison with a series of cell-specific gene expression maps that we have recently created (Haider A.S. et al., manuscript in preparation). These genes included KRT16, IVL, and other members of the EDC.
Through this comparative approach, we were also able to define genes that were uniquely upregulated in SCC. This group of genes is illustrated in Figure 1d , and a short list of genes, with fold changes and P-values and biological processes according to Gene Ontology, is given in Table 2 . Key genes were selected as those regulating biological processes important to tumor progression, including invasion, proliferation, differentiation, and immune response, in a manner consistent with the classification scheme used by others in the description of SCC of the head and neck (HNSCC) (Ginos et al., 2004) . Some genes with wellcharacterized mutations associated with SCC were not differentially expressed in our studies. Expression of p53 and CDK4 was unchanged between SCC and site-matched non-tumor-bearing skin, whereas expression of CDKN2A was increased in four of eight patients but did not approach statistical significance (data not shown). Expression of p63 www.jidonline.org 873 (TP73L), a p53 homolog, was increased in SCC compared with site-matched non-tumor-bearing skin ( Table 2) . Expression of FZD6, a receptor for the WNT family of genes, was increased in SCC but not psoriasis. This was also true for prostaglandin pathway mediator hydroxyprostaglandin dehydrogenase (HPGD). MMP1 and 13 were detected to be significantly upregulated in genomic analysis of SCC (Table 2) . MMP12 was more highly expressed in psoriasis and not expressed differentially between SCC and non-tumorbearing skin. RT-PCR analysis showed a trend toward increased expression of MMP1 and MMP13 and confirmed significant expression of MMP10 in SCC while confirming increased expression of MMP12 in psoriasis (Figure 2 ).
Because we identified genomic alterations in expression of MMPs in SCCs that were not present in psoriasis, we wanted to confirm that gene expression differences were reflected in expression of these proteins in skin lesions. Immunohistochemical detection of MMP1, 10, and 13 showed MMPs 10 and 13 staining at perivascular areas within the stroma and MMP1 within the dermis (Figure 3 ).
Increased expression of cyclin-activating kinase component CDK7 was unique to SCC. Cell cycle mediator CDC7 (a cell cycle kinase) was also uniquely increased in SCC, as was DNA damage repair mediator RAD1 and apoptosis mediator CASP8. Increased expression of ATR, another gene regulating apoptosis, was specific to SCC and not observed in psoriasis. Kirsten ras gene homolog (KRAS) was uniquely increased in SCC. Other potential regulators of proliferation unique to SCC included E2F transcription factor 3, transcription mediator mitogen-activated protein kinase 14 (MAPK14), epiregulin (EREG), and IL-18.
We recognized that the approach used to define gene differences between SCC and psoriasis might be limited by differences in gene expression in the site-matched controls. For example, one can appreciate that many genes have higher background expression in skin adjacent to SCCs compared to non-lesional skin of psoriasis patients. Hence, we also performed a direct or ''head-to-head'' comparison of gene expression differences in SCC versus psoriasis lesional tissue, without consideration of gene expression in background skin. Selected list of genes with upregulated expression in squamous cell carcinoma (SCC) only corresponding to heat map in Figure 1d . Fold changes are ratios of gene expressions in SCC/site-matched normal (N) and psoriasis (P)/non-lesional (NL) skin biopsies. Gene symbols and relevant biological processes are described in Gene Ontology annotation.
In this comparison, expression of 2,520 genes was different between SCC and psoriasis (Figure 1e ), based on statistical criteria and correction for multiple gene comparisons. A short list of these genes is given in Table 3 , with associated fold changes and P-values, whereas a complete list can be found in Table S5 . Enhanced expression of cathepsin L (CTSL), STAT3, cystatin E/M (CST6), and microseminoprotein, beta (MSMB) in SCC was detected by this analysis. These findings were confirmed by RT-PCR (Figure 2d ). MSMB has been reported in mice model of adenocarcinoma in the prostate (Gabril et al., 2005) . This is the first report to our knowledge that associates this gene with skin cancer. RT-PCR experiments showed that PTN was more highly expressed in site-matched skin adjacent to excised SCC than that in SCC (Figure 2e) . Conversely, iNOS, granzyme B (GZMB), CD8, and CD83 were downregulated in SCC compared with psoriasis. Immunohistochemistry studies showed higher numbers of CD83 þ cells in psoriasis than in SCC, although there were similar numbers of CD8 þ cells in psoriasis and SCC (Figure 3) . Furthermore, unlike psoriasis lesions, the CD8 þ cells were perivascular and were found in tumor infiltrates. Of interest, TNFSRF6 (APO-1, FAS) was increased in SCC compared with psoriasis (Table 3) . Although elevated in SCC versus site-matched skin in genomic analyses, this did not reach statistical significance.
Finally, genes with decreased expression in SCC compared to site-matched controls were defined through statistical comparisons. Table 4 contains a short list of these downregulated genes. Of interest, decreased expression of protease inhibitor TIMP3 was unique to SCC. Some proliferation mediators were decreased in SCC. Potential cell cycle mediators cyclin G1 (CCNG1) and ABL1 were specifically downregulated in SCC. Others included fibroblast growth factor 2, oncogenes FOS and JUN, and transcription regulators NF-kB2 and NF-kBIA. A number of immune response genes were decreased in SCC. These included CXC chemokine, cytokine IL-6, activated T-lymphocyte marker CD69, and mature dendritic cell marker CD83 (Figure 2d ). Selected list of genes of direct comparison of genes with regulated expression in squamous cell carcinoma (SCC) with psoriasis (P) corresponding to heat map in Figure 1e . Fold changes are ratios of gene expressions in SCC/psoriasis (P) skin biopsies. Gene symbols and relevant biological processes are described in Gene Ontology annotation.
www.jidonline.org 875
AS Haider et al.
DISCUSSION
This is the first report contrasting gene expression profiles of malignant hyperproliferation and benign hyperplasia in a stratified squamous epithelium that would form a carcinoma upon malignant transformation. These experiments facilitate insight into human cancer biology through an attempt to separate factors that are specific to malignancy from those that are attributable to hyperplasia.
Defects or mutations in p53, RAS, CDK4, and CDKN2A have been described for SCC in humans (Kubo et al., 2002; Green and Khavari, 2004; Tsai and Tsao, 2004) , but little is known about the genetic basis of SCC in human skin. In our studies, expression of p53 (SCC/N: 0.97) and CDK4 (SCC/N: 1.06) was unchanged between SCC and site-matched nontumor-bearing skin, whereas expression of CDKN2A was increased in four of eight patients. This is consistent with functional mutations in these genes rather than over-or underexpression leading to SCC. As many but certainly not all SCCs harbor mutations in these genes, other factors are likely to be involved in its pathogenesis. Expression of p63, a p53 homolog that identifies keratinocyte stem cells (Pellegrini et al., 2001) , was increased in SCC compared to site-matched non-tumor-bearing skin. Reis-Filho et al. (2002) report variable presence of p63 (TP73L; Table 2) in grade 1 SCC but increased immunoreactivity in undifferentiated SCC. Increased expression of p63 in our studies supports the potential role of maintenance of keratinocyte stem cells in early SCC development.
The WNT signaling pathway regulates normal development and cancer progression (Logan and Nusse, 2004) . However, little is known about the role of WNT signaling in human cutaneous SCC. WNT/b-catenin signaling inhibited death receptor-mediated apoptosis in nude and promoted invasive growth of HNSCC in nude mice (Yang et al., 2005) . In our studies, WNT 5A was upregulated in both SCC and psoriasis. WNT 5A has not been previously described in human cutaneous SCC; however, our results are consistent with Taki et al. (2003) , who showed upregulation of WNT 5A by epithelial mesenchymal transition by human SCC cells in culture. That WNT 5A was upregulated in both SCC and psoriasis raises the possibility that differential receptor expression may play a role in the ultimate determination of biological behavior. WNT inhibitory factor (WIF1) is more highly expressed in SCC than in psoriasis in our studies. Although not previously described in skin cancer, WIF is suppressed in lung cancer (Mazieres et al., 2004) .
The FZD family of WNT receptors comprises a group of proteins with a large, cysteine-rich extracellular domain, a seven-transmembrane spanning domain, and a cytoplasmic tail (Wodarz and Nusse, 1998) . In our studies, FZD6 was increased in SCC compared to site-matched skin and was not increased in psoriasis. Golan et al. (2004) showed that FZD6 acts as a negative regulator of canonical WNT signaling in cell lines. This was supported by Lyons et al. (2004) , who further demonstrated a role of FZD6 in non-canonical signaling in kidney epithelial cells. Based on unique expression in SCC compared with site-matched skin and a lack of expression in benign hyperplasia, it is possible that FZD6 is involved in WNT-mediated signaling in cutaneous SCC.
MMPs are involved in extracellular matrix degradation, which is key to tumor invasion (Kerkela and Saarialho-Kere, 2003) . MMP1 degrades collagens I, II, and III (Aznavoorian et al., 2001) , and has been reported to mediate invasiveness and survival of keratinocytes (Nagavarapu et al., 2002) . MMP13 degrades type II collagen most efficiently and has Selected list of genes with downregulated expression in squamous cell carcinoma (SCC) corresponding to the lower region of heat map in Figure  1a . Fold changes are ratios of gene expressions in SCC/site-matched normal (N) skin biopsies. Gene symbols and relevant biological processes are described in Gene Ontology annotation.
also been implicated in malignant transformation of keratinocytes . MMP10 degrades fibronectin and proteoglycans and has been implicated as a tumor promoter in lymphoma (Van Themsche et al., 2004) . Induction of MMPs 1, 10, and 13 and suppression of protease inhibitors TIMP1 and TIMP3 as seen in our studies suggest an environment supporting dermal invasion in SCC (Kerkela and Saarialho-Kere, 2003) . Protease inhibitors are likely to play an important role by inhibiting tumor invasion. Previously, TIMPs including TIMP3 were observed to be upregulated in invasion and metastasis from oral SCC but not in pre-malignant lesions (O'Donnell et al., 2005) . This may indicate that TIMP3 induction, in the skin, might not be observed until the most biologically aggressive tumors are analyzed. Cathepsin L was increased in SCC in our studies. Macabeo-Ong et al. (2003) demonstrated an association between expression of cathepsin L and progression from oral dysplasia to oral cancer. MMP12 was not highly expressed in SCC versus non-tumor-bearing skin or in SCC versus psoriasis in our studies. Impola et al. (2004) report that expression of MMP12 correlates with aggressive behavior in oral carcinoma. Kerkela et al. (2002) report that MMP12 expression by tumor cells correlates with invasiveness in vulvar SCC, whereas expression of MMP12 by macrophages predicts better prognosis.
Our findings differ from the findings of others concerning invasion and differentiation determined by genomic analysis of HNSCC. Ginos et al. (2004) describe a set of invasionrelated genes specifically increased in HNSCC. These included ras, type IV collagen, laminin g2, and integrins a3, a6, b4, and b6. In our study, KRAS was increased as was collagen IV a6, whereas laminin 2 was downregulated (SCC/ N: 0.4) and laminin 5 remained unchanged. However, integrins b4 (P/NL: 1.2) and b6 (P/NL: 1.4) were not increased in invasive SCC but were increased in psoriasis, indicating that enhanced expression of integrins b4 and b6 may be required for hyperplasia rather than malignancy. Enhanced expression of KRAS is consistent with the findings of VitaleCross et al. (2004) , who report that expression of KRAS in an epithelial compartment containing stem cell is sufficient for squamous cell carcinogenesis in mice.
Poorly differentiated cutaneous SCCs (Rowe et al., 1992 ) are more likely to develop distant and nodal metastases. It is therefore not surprising that the EDC genes, including involucrin (IVL), small proline-rich proteins (SPRR1A, 1B, 2B, 3), and S100 1 and 6 were reported to be decreased in HNSCC (Ginos et al., 2004) . In contrast, in our studies, EDCderived genes for IVL, SPRR, and S100 A8, A9, and A14 were increased in both SCC and psoriasis. This indicates that dedifferentiation is not an obligate feature of early malignant transformation of epithelial cells and that differentiating epithelial cells can invade. In one study, B60% of in-transit metastases occurred after treatment of well-differentiated although otherwise high-risk, primary cutaneous SCC (Carucci et al., 2004) . Analysis of more deeply invasive or metastatic skin cancers may likely show de-differentiation and decreased expression of EDC genes.
Prostaglandin metabolism has been implicated in the development of SCC, particularly through cyclooxygenase-2 O'Grady et al., 2004) . Whereas cyclooxygenase (PTGS2, cyclooxygenase-2) was present in higher levels in SCC versus psoriasis, the levels in site-matched normal skin were higher as compared to SCC. Inhibition of UVB-mediated skin tumors by cyclooxygenase-2 inhibition has been demonstrated (Pentland et al., 1999; Wilgus et al., 2003) . Several genes of the downstream pathway of PTGS2 were modulated in our study. Prostaglandin E receptor 4 and prostaglandin E2-metabolizing enzyme, HPGD, were upregulated in SCC versus non-tumor-bearing tissue. Prostacyclin synthase was downregulated in SCC versus site-matched non-tumor-bearing skin. HPGD has been reported to be suppressed in colon cancer (Yan et al., 2004) , whereas Gee et al. (2003) report that prostaglandin dehydrogenase was detected in 64% of transitional cell carcinoma of the bladder but in only 10% of bladder SCC. In their study, expression correlated with higher tumor stage. All cutaneous tumors in our study were stage 1. Inactivation of prostacyclin synthase has been associated with colorectal carcinogenesis (Frigola et al., 2005) , and chemoprevention of lung carcinogenesis by expression of prostacyclin synthase has been described (Keith et al., 2004) . It is possible that prostacyclin synthase expression might be key in maintaining non-aggressive biological behavior in benign hyperproliferative processes in the skin.
Analysis of SCC versus psoriasis allowed us to consider potentially genes that might not be differentially regulated in SCC versus non-tumor-bearing skin adjacent to excised SCC but that might nonetheless be important in determining biological behavior. PTN encodes a 136-amino-acid heparin binding cytokine that accelerates tumor growth and angiogenesis (Deuel et al., 2002) , and has been implicated in the pathogenesis of melanoma ; however, its potential role in the pathogenesis of SCC has been previously undefined. In our studies, PTN was more highly expressed in SCC than in psoriasis and even more highly expressed in nontumor-bearing skin adjacent to SCC. This might indicate that perilesional skin acts to induce SCC through PTN.
Interestingly, cystatin M (CST6) was increased in SCC compared with psoriasis. Cystatin M, an endogenous protease inhibitor, has been implicated as a potential tumor suppressor for breast cancer , but its role in human skin cancer has not yet been defined. It is possible that loss of CST6 may be involved in deeply invasive or metastatic SCC.
Similarly, CTSL2 expression was increased in SCC versus psoriasis. CTSL2, along with other cathepsins, is associated with the plasma membrane of malignant cells and degrade the extracellular matrix during tumor progression (Nomura and Katunuma, 2005) . It may be that CTSL2 plays a role in early invasion by SCC in human skin.
STAT3 was increased in SCC versus psoriasis in our studies. STAT3 activation has been implicated in multistage skin carcinogenesis in mice (Chan et al., 2004) . STAT3 activation has also been described as a key regulator of keratinocyte proliferation following UV radiation (Sano et al., www.jidonline.org 877 AS Haider et al.
2005b). Quadros et al. (2004) demonstrated EGFR-mediated STAT3 activation is restricted to malignant kertinocytes in culture. Mice deficient in STAT3 have been shown to be resistant to developing skin cancer (Pedranzini et al., 2004) . The role of STAT3 in benign proliferation is supported by a STAT3 transgenic mouse that develops psoriasis-like lesions (Sano et al., 2005a) . It may be that STAT3 is required but not sufficient for development of SCC in human skin.
Conversely, iNOS, GZMB, CD8, and CD83 were downregulated in SCC compared with psoriasis. Decreased expression of CD83 (McLellan et al., 1995) and low numbers of CD83 þ cells indicate a lack of mature dendritic cells associated with SCC, consistent with a relatively immunosuppressed microenvironment. The pro-inflammatory mediator iNOS, possibly dendritic cell-derived (unpublished observation), although highly expressed in psoriasis, was virtually undetected in SCC. We found high numbers of CD8 þ cells surrounding SCC despite decreased expression of CD8 in genomic analyses. This is consistent with Terao et al. (1992) , who found that T lymphocytes predominated and natural killer cells, B cells, and monocytes were rarely detected surrounding SCC. Lack of correlation might indicate that the CD8 þ cells are homing to tumor sites. Low expression of the product of cytotoxic T cells, GZMB, key in tumor immunity (Pardo et al., 2002) , and downregulation of T-cell activation marker, CD69, are also consistent with a relatively immune-suppressed microenvironment.
The present studies define a genetic signature for primary cutaneous SCC that accounts for components specific to malignancy and those related to hyperplasia. Further characterization of mechanisms governing these and other regulatory and inflammatory pathways involved with SCCs at various stages may reveal novel control points leading to development of rational molecular and/or immune-based therapies for cutaneous SCC and for SCC originating from sites other than skin.
MATERIALS AND METHODS

Samples used in study
Institutional review board approval was obtained before inviting patients to participate in the study. Informed consent was obtained from patients before their participation, and the study was performed with strict adherence to the Declaration of Helsinki Principles. Paired samples of tumor and site-matched normal skin were obtained from eight patients with SCC. Tumor samples were obtained at surgery. Site-matched uninvolved skin was similarly obtained from site-matched uninvolved skin at the time of repair after clear margins were achieved. Samples were obtained and processed in identical fashion to psoriasis samples. Mean age of patients with SCC in this study was 72 years (range 57-83 years). Mean tumor size was 0.9 cm (range 0.5-2.0 cm); however, final defect after clearing tumors by Mohs micrographic surgery was 1.8 cm in the largest dimension (range 1.0-2.6 cm). Average duration before diagnosis was 6 months (range 3-12 months). All tumors were well-differentiated, locally invasive cancers with excellent prognosis following excision with clear margins. All tumors were located on sun-exposed areas. All patients had fair skin with predisposition to sunburn with Fitzpatrick skin type 2.
Paired samples of lesional psoriasis and non-lesional skin from eight patients with psoriasis were obtained by skin biopsy. Samples were processed in identical fashion to SCC samples (Bowcock et al., 2001) .
Lists of genes present exclusively in cultured human keratinocytes were kindly provided by Banno et al. (2004) . A list of genes of interest found in keratinocytes and lesional psoriasis or SCC is given in Table S3 .
Target preparation
The microarrays used for this study were U95A-set GeneChip probe arrays (Affymetrix Inc., Santa Clara, CA) that contain probe sets representing approximately 12,000 genes.
Fragmentation, array hybridization, scanning, and quality control
The labeled target was fragmented and hybridized to probe arrays as described elsewhere (Zhou et al., 2003) . The probe arrays were then washed, stained, and scanned. Briefly, total RNA was extracted from tissues frozen in liquid nitrogen using the RNeasy Mini Kit (Qiagen, Valencia, CA). DNA was removed with on-column DNAse digestion by using Quiagen RNAse-free DNAse Set. Total RNA (B4 mg) was reverse-transcribed, amplified, and labeled as described previously (Zhou et al., 2003) . Briefly, mRNA was isolated and converted to double-strand cDNA and then to biotinylated cRNA (BioArray High Yield RNA Transcription Labeling Kit, Enzo Biochem Inc., Farmingdale, NY). After fragmentation and quality confirmation with the Affymetrix Test-3 Array, 15 mg of the biotinylated cRNA was hybridized to Affymetrix Human Genome U95A GeneChips (12,000 probe sets) (Affymetrix Inc., Santa Clara, CA). The chips were washed, stained with streptavidin-phycoerythrin, and scanned with a probe array scanner (HP GeneArray Scanner, HewlettPackard Company, Palo Alto, CA). On each chip, the human housekeeping genes b-actin and GAPDH (glyceraldehyde-3-phosphate dehydrogenase) served as controls. When comparing the data, the Suite 5.0 software normalized the values of expression level using all these controls. Chips with 3 0 -to-5 0 ratios for GAPDH less than 3 and scaling factor within three-fold of each other were compared in the study.
GeneChip data analysis
Data were analyzed with Affymetrix Microarray Suite 5.0 software (Affymetrix Inc., GeneSpring 7.0 software, Silicon Genetics, Redwood City, CA).
Gene expression values. The Suite 5.0 software uses the onesided Wilcoxon's signed-rank test to generate a detection P-value and a detection call to decide statistically whether a transcript is expressed on a chip. The software generates the detection call based on the detection P-value for each transcript: present (Po0.04), marginal (0.04oPo0.06), or absent (P40.06).
Gene expression analysis. Using GeneSpring 7.0, RMA (Robust Multi-Chip Average) algorithm was applied for normalizing and summarizing probe-level intensity measurements. Briefly, starting with the probe-level data from a set of GeneChips, the perfectmatch values are background-corrected, normalized, and finally summarized resulting in a set of expression measures. Each gene was divided by the median of its measurements in all samples. If the median of the raw values was below 10, then each measurement for that gene was divided by 10 if the numerator was above 10, otherwise the measurement was thrown out. Fold changes were calculated using the formula 2 signal log ratio .
Principle component analysis. Principle component analysis as quality control was performed with the normalized raw data using GeneSpring 7.0 software.
Hierarchical clustering and heat maps. In order to organize gene expression, genes with a similar pattern of expression are grouped together as hierarchical clusters and presented as heat maps. Unsupervised hierarchical clustering builds the hierarchy by establishing which two genes are the closest together and then combining these into a single node and repeating until the tree is complete. The gene trees were computed based on significantly regulated genes and distances between samples are computed using Pearson correlation as similarity measures, that is, a distance close to 0 indicates very similar data, a distance close to 1 indicates that there is no linear correlation between the samples, and a distance close to 2 indicates a strong negative correlation between the samples. For individual transcripts, their fold change in expression was the ratio of the mean expression level of tumor-bearing versus sitematched non-tumor-bearing skin and lesional (P) versus non-lesional skin biopsies. The heat map of the computed tree was presented as red and green lines. Each line presents genes with relative upregulated (red) or downregulated (green) expression values in fold changes.
Statistical comparisons.
To obtain a list of biologically most interesting genes used in this study, multiple statistical analyses were performed (Table S6) .
Statistical comparisons of expression levels pairwise between each condition (SCC, N, P, and NL) and unpaired between SCC and P were performed by using the Data pre-processing available in the statistical package R at http://www.r-project.org/4http://www.rproject.org. Based on the full data set, paired Welch tests (t-test for unequal variance) were performed to assess the interesting genes for the distinction. Owing to the multiple testing problem encountered in the analysis of microarray data, we chose to declare those genes with a false discovery rate of at most 5% as having a significant effect. Different methods may be applied to determine the false discovery rate (Benjamini-Hochberg, Benjamini-Yekutieli) and family-wise error rate (maxT) and SAM (significance analysis of microarray data). In this study, we considered genes that passed the Benjamini-Hochberg criterion as biologically most interesting. A complete list of significantly regulated genes (Benjamini-Hochberg false discovery rate p5%) is presented as up-or downregulated by 1.2-fold based on the average of eight patients (P vs NL, SCC vs N, and P vs SCC) in Tables S1-S5.
Immunohistochemistry
Tissue sections of all patients with SCC and psoriasis were stained with hematoxylin (Fisher, Fair Lawn, NJ) and eosin (Shandon, Pittsburgh, PA) and with purified mouse anti-human monoclonal antibodies to CD83 (Becton Dickinson, San Jose, CA), CD8 (BD Pharmingen, San Diego, CA), and MMP1, MMP10 and MMP13 (Abcam Inc., Cambridge, MA). Biotin-labeled horse anti-mouse antibody (Vector Laboratories, Burlingame, CA) was amplified with avidin-biotin complex (Vector Laboratories) and developed with chromogen 3-amino-9-ethylcarbazole (Sigma Aldrich, St Louis, MO).
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These studies were supported in part by the Dermatology Foundation and by NIH Grants RO1-A149572, A149832, and MO1-RR00102. Table S1 . Genes upregulated (1,048 genes) and downregulated (870 genes) in SCC (SCC vs N: 1.2-fold, Po0.05, BH corrected). Table S2 . Genes upregulated (398 genes) in SCC and psoriasis (P4NL, SCC4N: 1.2-fold, Po0.05, BH corrected). Table S3 . Genes upregulated (73) in SCC and psoriasis and found in keratinocytes (SCC4N, LS4NL: 1.2-fold Po0.05, BH corrected). Table S4 . Genes upregulated (582 genes) in SCC (SCC vs N: 1.2-fold, Po0.05, BH corrected) but not significantly changed in psoriasis. Table S5 . Genes regulated (2,520 genes) in SCC vs psoriasis (P) (1.2-fold, Po0.05, BH corrected). Table S6 . Statistical analysis of complete data set with different methods to determine the false discovery rate, UNI-Gene ID and P-values. The significant differences are color-coded: tumor versus normal (orange), psoriasis versus NL (green), and tumor versus psoriasis (yellow).
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